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Overview

Timeline Barriers
* Project start date: 10/01/2018 e Barriers addressed:
* Project end date: 9/30/2021 (3 years) — A need for managed Medium

Duty and Heavy Duty (MDHD)
vehicle charging loads consistent

Percent complete: 15%

with smart grid operations
— A need to develop and enable

Budget reduced costs for electric
* Total project funding: $6.0M + $1M charging infrastructure
(ANL) over 3 years — A need to develop new control
« DOE share: $6.0 analytics for MD/HD PEV charge
« Contractor share: SO Control
«  Funding for FY 2018: $0 Partners
* Funding for FY 2019: $2.0M « National Renewable Energy
Laboratory (NREL)
HD: heavy duty  Oak Ridge National Laboratory
MD: medium duty (ORN L)

PEV: plug-in electric vehicle

 Argonne National Laboratory (ANL)
Electric Power Research Institute

OAKRIDGE ' NREL Argonne® | (EPR)

ORATORY
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Relevance

This project will develop research tools and a
framework to design and optimize key components
and operation of a flexible, multi-port 1+ MW fast-
charging grid-connected system that minimizes grid
infrastructure cost/impact and allows for
integration with distributed energy resources
(DER), such as photovoltaics and energy storage.

High Voltage DC {e.g. 1,000 ¥ D<)

This project will:

1) Address challenges and develop solutions for beyond extreme fast charging (XFC) (1+ MW)
systems through a national laboratory collaboration

2) Overcome barriers to deployment of a 1+ MW-scale integrated charging station and provide answers to
fundamental questions associated with the feasibility of the system

3) Identify hardware component needs

4) Develop and test hardware and system designs

5) Develop design guidelines and performance metrics

6) Assess potential grid impacts and grid services

7) Develop safe systems and smart energy management techniques including on-site resource sizing and
management.

OAKRIDGE 2t NRE L Argonne ™

NATIONAL LABORATORY
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Resources

Total funding: S7M over 3 years

NREL: S3M (S1M/year)
ORNL: S3M (S1M/year)
ANL: $1M (FY 19)

Three Lab

Approach

HIL: hardware-in-the-loop

991.1{1&1,?%5 5:2 N R EL Arg

Vehicle Load & Charger
Utilization (NREL)

Power Stage Design and HIL
(ORNL)

Battery Analysis & Control
(NREL)

Grid Impacts and
Interconnect Analysis
(NREL)

Develop Site Controller
(NREL)

Industry Engagement &
Requirements Studies (ANL)

onneo

NATIONAL LABORATORY

NREL Team:

Barry Mather

Akanksha Singh

Xiangqi Zhu

Kevin Bennion

Eric Miller/Shivam Gupta
Sreekant Narumanchi
Shriram Santhanagopalan
Partha Mishra

Kevin Walkowicz

ORNL Team:
Madhu Chinthavali
Jack Wang

Rafal Wojda
Steven Campbell
Sheng Zheng
David Smith

ANL Team:
Ted Bohn
Keith Hardy
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Milestones: All Labs

Milestone Name/Description Deadline Milestone Type

o End of Q1, uarterl ; ; i4a.

Quarterly reports on progress of year 1 activities Q Q y e A Pl ] P.rowde.

(include tasks 1, 2, 6, 7, 8, 12) Q2, Q3 FY | Progress 1) PE Topology Studies

nclude tasks 1, 2,6, /, 3, 19 Measures 2) Use Case Charge Profiles for Travel
. . . Center
Complete the simulation and performance analysis of at least one Go/No-Go
p . P J 9/30/2019 . 3)  Grid Impacts Analysis
power conversion topology Milestone

4)  Progress Update to Develop
Optimal Battery Charging

Provide Draft Summary Report on Industry Engagement and

A 1
Charging Requirements for MDHD, EV Transit Bus and DC-as- 9/30/2019 I'mua Algorithms
) Milestone .
a-Service 5)  Analysis of Charge Connector
L End of Q1, | Quarterly Hardware
Quarterly reports on progress of year 2 activities Q2. Q3 Progress 6)  Draft of Charging Requirements
(include tasks 3, 4, 5, 8, 9, 10, 12) FY20 Measures (Gaps, FMEA, Safety) from Industry
- — - Engagement
Battery modeling grid interface control architecture prototype 9/29/2020 Go/No-Go
design for power stage; prototype design for power mechanism Milestone

End of Q1, | Quarterly
Q2,Q3 Progress
FY21 Measures

Quarterly reports on progress of year 3 activities
(include tasks 10, 11, 12)

Complete integration of the overall control architecture and

virtual 1 MW evaluation platform; verify through control HIL 9/29/2021 Annual
simulation; evaluate power transfer mechanism using prototype Milestone
hardware

EV: electric vehicle
DC: direct current
DCaaS: DC as a Service
PE: power electronics

OAK RIDGE By N R E L A o FMEA: Failure Modes and Effects Analysis
et rgonne

National Laboratory "ﬁ 3 NATIONAL LABORATORY
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Approach

Tasks 13-15: Industry Task 6: Charge Year 1: Define Use Case, Load Profiles and
ATEELRIBIERT, Station Utilization Industry Engagement and Requirements

Task 1 and 2: Detailed Power
Electronics Component
Design

Task 12: Connector Year 1 and 2: Initial
Task 8: Battery Charge and I-iardware ]
Control Optimization Design of Hardware

Dea:
Sen based on Load Profiles

Task 7: Grid
Impacts Analysis

. , : : Year 2: Architecture
Task 8,9,10: Grid Interface Task 3,4,5: Power Electronics Controller, Task 12: Analysis, Modeling

and Smart Controller : : and Prototype of Power and Hardware design
P D ly E
Development ower Stage Design, Supply Equipment Transfer Mechanisms . g
and modeling

Task 10, 11: Validation of Site Charge Task 12: Validation of Connector / Power Year 3: Hardware and

Transfer Mechanisms with High Current
Evaluation System Control

Validation

Controller via Hardware in the Loop

OAK RIDGE :: N R EL Argonn eo

National Laboratory e NATIONAL LABORATORY
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Approach: Multi-Task, Multi-Year

. Literature Review of PE Topologies

Perform Simulation Studies of PE Topologies

PE Power Stage Parameter Design and Selection
Technical Assessment of EV MW+ Charging Equipment
Develop Host Controller for Power Stage of MW System
Use Case Charge Profile Development for Travel Center
Grid Impacts Analysis

Battery Load Profile and Optimal Charge Control

B ° I D S S .

Design Overall Site Controller Architecture

[HEN
o

: Grid Interface Development for Grid Insights

=
=

. Functional Validation of MW+ through HIL

=
N

. Design and Thermal Management of Connector

=
w

. Industry Engagement and Recommendations: MD/HD Truck

=
S

. Industry Engagement and Recommendations: EV Transit Bus

=
ul

. Industry Engagement and Recommendations: DC-as-a-Service

OAKRIDGE  #fNREL Argonne®

NATIONAL LABORATORY
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Technical Accomplishments and Progress

Task 6: MW+ Charging Use Cases

Objective

Develop charging profile(s) consisting of
high resolution (1 min) power and energy
requirements for MW+ charging station
from real-world use data

Approach
1. Use real-world class 8 line haul data (991

2.

3.

4.

trucks over ten days) to obtain location,
state of charge and anticipated energy
needed until next charge

Estimate station charging requirements
for anticipated charge locations and
assumed vehicle configurations (i.e., 480-
mile EV range)

Determine station profiles for a range of
locations to show variation in stations

Provide charge profile outputs to other
tasks to analyze hardware and other
needs

QakRIDGE  TINREL Argonne &

NATIONAL LABORATORY
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Generating power and energy requirements
for distribution of stations to understand
estimated station requirements

NREL | 8




Technical Accomplishments and Progress Task 6:

MW+ Charging Use Cases

Technical Accomplishments: Station 1278 10.8

* Developed analysis tools to assess and s T ' g
estimate long-haul trucking energy demands :

pour
(0.5]

I
(]

[#)]

o

* Developed preliminary optimization
approach to maximize station utilization and :
reduce total number of stations (minimize S) :
necessary for vehicle route electrification n

il e

SU.O
i Hour of Day
Low-Case Charging Station Profile — 30 Trucks

2:

Charge Event

* Documenting station load profiles now

Future Work:

* Refine and expand to a larger number of - e o108
vehicle samples representing real-world ;_ - i
long-haul trucking % = g

e 3 — -7:2 _5_

* Include additional optimization weighting %185 _=n 60 8
factors for charge station selection, such as e — = 48 2
grid infrastructure location preferences 6" & ki

6: -2.4 790
- | wﬂ[ j AT "
Any proposed future work is subject 0 5 A 20 25

to change based on funding levels.

OAKRIDGE -t NREL Argonne

NATIONAL LABORATORY

High-Case Charging Station Profile — 30 Trucks
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Technical Accomplishments and Progress Task 8:

Charge Profiles for Station Design - Charge Port Power & Energy

“ ﬁ Baseline Station

Optimized grid
power to eIECtrIC Charger #1 Vehicle #1

vehicle @ M

support

equipment (EVSEs) nl | m e=

Charger #N Vehicle #N

7

charging

3=

2 100 —

s S

_________ P e ".-_‘i"?- ,’ E

— 4]
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z 5 g g
% " S 160 %5
g S 1) =
g > =
s} 40 g

L > 0
—Battery charge acceptance curve E o

- = =Port power capacity % 0.5 =

* Charging power i) 20 9

o =

Il 1 1 1 l E—g

0 20 40 60 80 100 od 0 E

=

SOC, % 00:00:00 12:00:00 24:00:00 ©

Time, 24 hours

Vehicle arrival distribution: average
eight stations at 30 vehicles/day

Estimate how batteries will charge: vehicles
charge at the EVSE according to port and battery
charge acceptance requirements (not linear)

NREL | 10



Technical Accomplishments and Progress Task 8:

Estimating the Effect of Number of Ports on Station Power Load Profile

25
Finding Optimum Number of Charge Ports: A,
increasing the number of ports beyond vehicle 20 (B ety

demand will seldom result in higher peak power
for the station

—
8]

-
o

Design of Station (# of ports): balance between
wait time and limiting station peak power based
on estimated number of vehicles to be charging

Power demand, MW

o

3456 10 20
Nos. of ports

In this specific simulation: seven charging ports
result in negligible wait time and avoid the peak

power to reach station capacity

[#5]
o

el
w
T

Percentage of time, %
5 o

—_
(=]

o
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Technical Accomplishments and Progress Task 12:

MW+ Charge Connector

Objective

Identify hardware component needs and
quantify technology impacts to support 1+
MW high-power charging

Approach (FY 19)

1.

Perform literature survey of materials,
fluids, and heat transfer materials that aid
in the design of charging mechanisms

Evaluate through modeling the
performance impacts on the connector
current rating of heat transfer approaches
compatible with ongoing high-power
connector standard proposals

Quantify battery thermal requirements and
waste heat challenges and opportunities
during high-power charging

National Laboratory oRATORY

QAKRIDGE - TINREL Argonne ¥

Materials
Heat-spreading materials
Insulation
Electrical contacts

Cooling
Fluids (type, flow, temperature)
Passive cooling systems

Copper wire pin socket

Example pin and socket to be included for
heat transfer analysis along with other
potential connection mechanisms proposed
for high-power charging

NREL | 12



Technical Accomplishments and Progress Task 12:

MW+ Charge Connector Thermal Analysis

Technical Accomplishments:
* Developed two-step approach for electro-thermal modeling and simulation

1.  Structural finite element analysis (FEA) of connector to obtain
deformed structure after insertion

2.  Electro-thermal FEA of deformed structure under specified current
and voltage conditions

* Developing thermal lump capacitance model of large battery packs for
quantifying available heat during fast-charge event

m—)

e Evaluating potential for waste heat recovery for charge site heat utilization

Future Work:

e Validate model by experimentally characterizing matching baseline hardware )
y exp Y & & Structural analysis for

* Apply validated model to study impacts of cooling technologies applied to thermal and electrical
charging mechanism (connector and cable) analysis

* Quantify excess heat available from charge station components and battery
and potential recovery technologies

Any proposed future work is subject to change based on funding levels.

OAKRIDGE -t NREL Argonne

NATIONAL LABORATORY
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Technical Accomplishments and Progress Task 7:

Grid Impacts Analysis — Assessing Hosting Capacity

Absolute worst
location for charging
station

Absolute best
location for
charging
station

302 806 808 812 814

800

88 80 84 8%

OAK RIDGE *INREL Argonneo

National Laboratory NATIONAL LABORATORY

Determining best and
worst case areas for HD
charging stations:

Voltage sensitivity
analysis completed

Worst locations for
charging station

Mediocre locations for
charging station

Good locations for
charging station

NREL | 14



Number of points

Technical Accomplishments and Progress Task 7:

Grid Impacts Analysis — Assessing Hosting Capacity

50 1 Distribution of Maximum Daily Voltage of all the nodes
[ IMAXBase
I [ IMINBase 50 .
40 Base case - =§§;
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Technical Accomplishments and Progress Tasks 1 & 2:

Investigation of Power Electronics Topologies

(1) 480-V AC-based power
electronics topologies

(2) 480-V AC-coupled topologies with
DER interfaces

Single >1 MW
Charging

Technology (3) 480-V DC-coupled

topologies with DER interfaces

(4) Medium-voltage DC-coupled
topologies with DER interfaces

Investigating four architecture candidates with flexible power converter topologies

QaRIDSE  TINREL Argome

National Laboratory oRATORY
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Technical Accomplishments and Progress Tasks 1 & 2:

Investigation of Power Electronics Topologies

(1) 480 V AC based power electronics topologies (2) 480 V AC coupled topologies with DER interfaces

15KV 138 kV MGk 138 K

|
| * Grid power only
WV wvep wevf* Least power stages

DER backup power
- Less power stages
"« Grid support capable

* Low control complexity AC microgrid control

PO 1w I
ECInriingUni‘tﬂ CInrgingUni‘t‘.l’.i? ClnrgingUni:t.lﬂ e —————————— T
{400KW) (4D0KW) (A00KW) 1 Charging Unit #1 Charging Uit #2] Charging Unit #3
SN .t SRR LRk e
1.2 MW 12 W

(3) 480 V DC coupled topologies with DER interfaces (4) Medium voltage DC coupled topologies

15 kY 138 kY

DER backup power Canty €L * Low input current

o wmev g m\ré _______ ~» DC bus decoupling * Low harmonics

15 kY 133 kY

* No bulky transformer

wETTTT =1 » Grid support capable .
» DC microgrid control * DER backup power
P = g » Grid support capable
2K | s "3
| | % i 1 =
e ———,—,—_—_—,—,—, e, e, —————— i i 156 kY
Charging Unit 1 Charging Unit £2 Charging Unit #3 ! :
{400kW) {40 0KW) {400KW) i Charging Unit #1
(1. 2044 1.2 Mo
-] 1.2 MW &

OAK RIDGE *INREL Argonneo
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Technical Accomplishments and Progress Tasks 13-15:

MW+ Multi-Port MD/HD Vehicle Charging Requirements Study

 Methodology: Leverage input from industry stakeholders; capture present state
of the industry, best practices, and current state of standards; create
recommended practices; investigate future interconnection standards that
address safety/control issues.

* Project Plan: Proceed with monthly meetings on specific topics, investigating
industry priorities on source-to-end-point issues with MW-level charging path:

- Utility/facility inter-tie costs, complexity, obstacles, limitations

- DC-as-a-Service-related topics, state of industry, costs, tradeoffs
- Bulk DC distribution from MV-DC converter to DC/DC dispensers
- Active cooled cables vs. non-cooled, coupler options, risks

- FMEA comprehensive review of failure modes, risks, mitigation

National Laboratory oRATORY

OAKRIDGE s NREL Argonne ™
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Technical Accomplishments and Progress Task 13-15:

MW+ Multi-Port MD/HD Vehicle Charging Requirements Study

Overlapping Areas Of Common Benefit to MDHD
Electric Vehicle Charging (1+MW and other levels)

Sub-MW level charging
(Chaoli)
{1500 v/600 A=0.9
MW}

DFMEA Failure Analysis

DCaas, DC
conversion,
distribution tg

Utility
connection,
load
management

MD/HD

Mechanized
MW+EV
Infrastructure Charging / syr/]ster)ws,
planning services, charging
physical interlocks

implications of
parking/charging

Couplers,
cables, cooling
systems,
ergonomics

Sub-MW level
charging, over
night, opportunity

Sub-MW
wireless
charging

OAK RIDGE *INREL Argonneo

National Laboratory NATIONAL LABORATORY
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Technical Accomplishments and Progress Tasks 13-15:

MW+ Multi-Port MD/HD Vehicle Charging Requirements Study
Industry Stakeholder Subgroups/Workgroups

* Utilities, planning services, site operators
Black & Veatch, Burns & McDonnel, Center for Transportation and Environment,
American Electric Power-Ohio, Duke Energy, EPRI, Madison Gas & Electric, Pacific
Gas & Electric, Seattle City Light, Southern Company, Chicago Transit Authority,
Electrify America, EVgo, Loves/Trillium, TA-Petro

* EVSE, power electronics, couplers/cable systems
ABB, BTCPower, Chargepoint, Delta Products, Eaton, Efacec, Heliox, Siemens, Tritium,
Marguette University, JMM Consulting, Huber+Suhner, ITT, Phoenix Contact, Power
Hydrant, Rema, Schunk, Staubli, TE Connectivity,

* Vehicle original equipment manufacturer (OEM), end users/customers
Autocar Truck, BYD, Cummins, Daimler Trucks North America/Daimler, Fiat Chrysler
Automobiles, Ford, Gillig, MAN/Volkswagon Group, Navistar, New Flyer, Nova Bus,
PACCAR/Peterbilt, Proterra, Tesla, Thor, Transpower, Penske Leasing, Ruan
Transportation

* DOE-funded/Lab coordination
ANL, NREL, ORNL, University of Delaware, ThinkSmartGrid, EPRI

OAKRIDGE ¥ NREL Argonne®

ORATORY
NREL | 20



Responses to Previous Year Reviewers’

Comments

* This project is a new project for FY 19.

OAKRIDGE  2'I NREL Argonne®



Collaboration and Coordination: Multi-Lab

Approach with Multiple Industry Partners

NREL Team:
Barry Mather
Akanksha Singh

Xiangqi Zhu Coordination across

Kevin Bennion

Eric Miller/Shivam Gupta th ree IabS

Sreekant Narumanchi

Battery Analysis | ¢ Shriram Santhanagopalan
Partha Mishra _
Three Lab T Grid Impacts ] Kevin Walkowicz
Approach . | Interconnect Analysis

ORNL Team: ANL Team:
Madhu Chinthavali Ted Bohn

[: : Jack Wang Keith Hardy

[Ty _

L et Woid
Steven Campbell
Sheng Zheng + Utilities, planning services, site operators .
David Smith Black & Veatch, Burns & McDonnel, CTE, AEP-Ohio, Duke Energy, EPRI,

MG&E, PG&E, Seattle City Light, Southern Company, CTA-Chicago,
EIectrify America, EVgo, Loves/Trillium, TA Petro

. R\éSBE,Bprc():\ger ele%tr:onics, c_oupéetis/cpablg systeizms - Heli
. X ower, Chargepoint, Delta Products, Eaton, Efacec, Heliox,
Key mdUStry pa rtner Siemens, Tritium, Marquette Univ., IMM Consulting, Huber+Suhner, ITT,
Phoenix Contact, Power Hydrant, Rema, Schunk, Staubli, TE Connectivity,
engageme nt

* Vehicle OEM, end users/customers
Autocar Truck, BYD, Cummins, DTNA/Daimler, FCA , Ford, Gillig,
MAN/VW Group, Navistar, New Flyer, Nova Bus, PACCAR/Peterbuilt,
Proterra, Tesla, Thor, Transpower, Penske Leasing, Ruan Transportation

* DOE Funded/Lab coordination
ANL, NREL, ORNL, U-Del, ThinkSmartGrid, EPRI

OAKRIDGE 2 NREL Argonne &

NATIONAL LABORATORY
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Remaining Challenges and Barriers

Definition and refinement of use case (or cases) -
Understanding and defining expected high-resolution charge
profiles will drive much of the R&D needed

Developing cost-effective hardware and control solutions to
enable 1+ MW systems and improve return on investment for
operators and encourage MD/HD adoption

Site-specific grid integration issues need to be addressed to
understand location + power + energy requirements and their
impact and integration with grid distribution issues

OAKRIDGE s NREL Argonne ™

National Laboratory oRATORY



Proposed Future Research: Remainder of FY 19

Tasks 1-2: Complete the simulation of medium-voltage architecture
* Improve converter performance through power-stage and control-parameter optimization
* Evaluate converter efficiency as a parametric function of various operating conditions
* Evaluate the transient bus voltage variations through different architectures

Task 6: Finalize station load profiles
 Compare charge station locations to existing truck fueling centers
* Include additional weighting factors for charge station selection
* Incorporate mixed-charge types and charge-rate locations

Task 7: Complete the grid impact analysis with refined distribution feeder information
e Statistical analysis of voltage impacts at different nodes on distribution grid

Task 8: Complete model-based charge control
e Fully develop real-time charging algorithm with validation and battery chemistry models

Task 12: Continued connector research
e Validate thermal modeling
e Assess waste heat utilization opportunities

Tasks 13-15: Continued industry interaction and draft report by end of FY 19

o Any proposed future work is subject to
gﬁ)ﬁ}i{gﬁg ;.E N R E L Argonne change based on funding levels.

NATIONAL LABORATORY
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Proposed Future Research: FY 20 and FY 21

Description
Year2
Task 3 Power stage parameter design and hardware component selection |[ORNL
Task 5 Develop h(.)S‘IZ controller for each power stage of single multiport ORNL
MW charging system
Task 4 Tec]:!nic?l assessment of supply equipment for MD/HD o
applications and ultra-fast chargers
Evaluate control with battery cells inPHIL environment to assess
Task 8 coordination with multiple chargers and charger support of grid NREL
services
Develop smart control for overall site management that
Task 9 incorporates grid objectives, minimizes charging time, and NREL
supports multiport charging stations with onsite DER.
Task 10 Grid interface development for interoperability of the charging L
system (Q1-Q4)
Perform analysis and modeling to down-select power transfer NREL
Task 12 mechanisms and develop prototype design for technology
validation ORNL

Description
Year3

Evaluate smart control for overall site management in controller
Task 10 HIL environment using plant models for system components to
include appropriate response and control (Q1-Q3)

Function validation of single multiport MW charging system

Task 11 through controller HIL simulation(Q1-Q4)

Revise prototype and develop scaled technology prototype for

Task12 technology validation and reliability evaluation

o Any proposed future work is subject
onne to change based on funding levels.

QAKRIDGE - TINREL Arg

NATIONAL LABORATORY
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This project will:

1) Address challenges and develop solutions for beyond-XFC
(1+ MW) systems through a national laboratory
collaboration

2) Overcome barriers to deployment of a 1+ MW-scale integrated
charging station and provide answers to fundamental questions
associated with the feasibility of the system

3) Identify hardware component needs

4) Develop and test hardware and system designs

5) Develop design guidelines and performance metrics

6) Assess potential grid impacts and grid services

7) Develop safe systems and smart energy management
techniques, including on-site resource sizing and management.

OAKRIDGE 2t NREL Argonne®

ORATORY



NREL Team: ORNL Team: ANL Team:

Barry Mather Madhu Chinthavali Ted Bohn
Akanksha Singh Jack Wang Keith Hardy
Xiangqi Zhu Rafal Wojda

Kevin Bennion Steven Campbell

Eric Miller/Shivam Gupta Sheng Zheng

Sreekant Narumanchi David Smith

Shriram Santhanagopalan
Partha Mishra
Kevin Walkowicz

Thank You
The 1+MW Team

www.nrel.gov
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Technical Back-Up Slides

Tasks 1 and 2: Power Electronics Interface Architecture Specifications

Grid voltage (low-voltage) RMS, V| .q

Line frequency, f

Rated charging power, P | _4

Battery voltage, Vi

Number of charging units, N

Power rating of each charging unit, P,

DC bus voltage, V,

OAKRIDGE 2t NREL Argonne &

NATIONAL LABORATORY

Grid voltage (medium-voltage) RMS, Viiirms)

480V

3.3kV~13.8kV

60 Hz

1.2 MW

1kv~15kVv

3~4

400 kW

2 kV

NREL | 29



Technical Back-Up Slides

Task 7: Example of One-Day Voltage Analysis — Worst Case (842.1)
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Technical Back-Up Slides

Task 8: Estimating the Effect of Number of Ports on Heat Generation at Port

* This is the heat generated at Avg. heat generated at each port when total nos. of
the EVSE side due to their ports vary at the station
associated inefficiencies 60 — .
\b\@-e-o e D
* Most heat is generated in Port 50 -
#1 since the queuing algorithm —O—Port#l —5—Port#4 —s— Port#7

—+—Port#2 —— Port#5 —>—Port#8

40t \\F Port#3 — Port#ts —=— Port#9
| l
| I

preferentially assigns vehicles
to Port #1 to charge, if
available, or Port #2 next, and
so on and so forth

* Heat generated at a given port 200
(e.g., Port #1, 2, 3) decreases
with increase in the number of o7 E-g-5 - 1
ports since the port utilization o f’}—{_ — Té_ 4
decreases 0 s 2 5 6 L9 2“”5

Nos. of ports
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Task 12: Electrical Design and Thermal Management of the Connector Mechanism

e Continue external interactions
— CharIN and ANL Industry Workgroup interaction for industry guidance and relevance

e Connector thermal modeling
— Apply two-step simulation approach to baseline model (no active cooling)
— Validate model by experimentally characterizing matching baseline hardware

— Apply validated model to study impacts of cooling technologies applied to charging mechanism
(connector and cable)

e System thermal analysis
— Waste heat utilization
= Quantify excess heat available for removal from charge station components and battery
= Review of waste heat recovery technologies and their applicability for site heat utilization

— Battery thermal management

= Quantify battery thermal requirements, including thermal losses during charging and heating
needs during cold soak conditions and battery transient temperature response
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